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Radiation Source, Lithographic Apparatus, and Device Manufacturing 



[0001] This application claims priority from European patent application EP 
02256907.3, filed October 3, 2002, herein incorporated by reference in its entirety. 



Field 

[00021 The present invention relates to a radiation source unit comprising an anode 
and a cathode that are configured and arranged to create a discharge in a substance in a space 
between said anode and cathode and to form a plasma so as to generate electromagnetic 
radiation. 

Background 

[00031 Theterm"pattemingdevice"ashereemployedshouldbebroadlyinterpreted 
as referring to means that can be used to endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be created in a target portion of the 
substrate; the term "light valve" can also be used in this context. Generally, the said pattern 
will correspond to a particular functional layer in a device being created in the target portion, 
such as an integrated circuit or other device (see below). Examples of such a patterning device 
include: 

[0004] - a mask. The concept of a mask is well known in lithography, and it includes 
mask types such as binary, alternating phase-shift, and attenuated phase-shift, as well as 
various hybrid mask types. Placement of such a mask in the radiation beam causes selective 
transmission (in the case of a transmissive mask) or reflection (in the case of a reflective mask) 
of the radiation impinging on the mask, according to the pattern on the mask, to the case of a 
mask, the support structure will generally be a mask table, which ensures that the mask can be 
held at a desired position in the incoming radiation beam, and that it can be moved relative to 

the beam if so desired; 

[0005] - a programmable mirror array. An example of such a device is a matrix- 
addressable surface having a viscoelastic control layer and a reflective surface. The basic 
principle behind such an apparatus is that (for example) addressed areas of the reflective 
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s„rfacereflectmcidentUghtasdifflBct«l light, wherea^unaddressedare^ 

as «>di»ao.edU^,.Usi„ga„ appropriate filter, *e said undiflractedlightcanbe filtered out 

of the reflected beam, leaving orJy the difS^ted light behind; in this manner, the beam 
becomes patterned according to me addressing pattern of the matrix-adressable surface. The 
«,„ired matrix addressing can be performed using suitable elec.«>nic means. More 
information on suchmirror arrays can be gleaned, for example, flx-mUnitedStatesPatentsUS 

5 296 891 and US 5,523,193, which are incorporated herein by reference. In the case of a 
p^grlmmable mirror array, the said suppon structure may be embodied as a ftame or table, for 
example, which may be fixed or movable as required; and 

[0006] - a programmable LCD array. An example of such a construcuon is given m 
Umted States Patent US 5.229.872, which is incorporated herein by reference. As above, the 
support structureinthiscasemaybe embodied asaftameor table, for example, whichmay be 

fixed or movable as required. 

[00071 For purposes of simplicity, the rest of this text may, at certain locations, 
specifically direct itself to examples involving a mask and mask table; however, the general 
principles discussed in such instances shouldbe seen in thebroadercontextofthe patterning 

device as hereabove set forth. 

100081 Lithographic projection apparaws can be used, for example, in the 
manufacture of integrated circuits (ICs). In such a case, the paneming device may generate a 
circuit pattern corresponding to an individual layer of the IC. and this pattern can be imaged 
onto a target portion (..g. comprising one or more dies) on a substrate (silicon wafer) that has 
been coated wi.halayerofradiation.sensitivematerial(resis.).tageneral,asi„gle wafer will 

contain a whole network of adjacent target portions that are successively irradiated v,a the 
projecUon system, one a, a fime. In current apparatus, employing patterning by a mask on a 
mask table, a distinction can be made between two different types of machine. In one type of 
lithographic projection apparatus, eachtargetportioni^irradiatedbyexposingtheentire mask 

pattern onto the target porfion in one go; such an apparatus is commonly referred to as a wafer 
stepper, h, an alternative apparatus -commonly referred to as a step-and-scan apparams - 
each target portion is irradiated by progressively scamiing the mask pattern under the 
projection beam in a given reference direction (the "scamting" direction) while synchronously 
scamung the substrate table parallel or anti-parallel to this direction; since, in general, the 
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projection system will have a magnification factor M (generally < 1 ), the speed V at which the 
substrate table is scanned will be a factor M times that at which the mask table is scanned. 
More information with regard to lithographic devices as here described can be gleaned, for 
example, from US 6,046.792, incorporated herein by reference. 

[00091 hi a manufacturing process using a hthographic projection apparatus, a pattern 
(e.g. in a mask) is imaged onto a substrate that is at least partially covered by a layer of 
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo 
various procedures, such as priming, resist coating and a soft bake. After exposure, the 
substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
development, a hard bake and measurement/inspection of the imaged features. This array of 
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a 
patterned layer may then undergo various processes such as etching, ion-implantation (doping), 
metalUzation, oxidation, chemo-mechanical polishing, etc., all intended to finish off an 
individual layer. If several layers are required, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, an array of devices will be present on 
the substrate (wafer). These devices are then separated &om one another by a technique such as 
dicing or sawing, whence the individual devices can be mounted on a carrier, connected to 
pins, etc. Further information regarding such processes can be obtained, for example, firom the 
book "Microchip Fabrication: A Practical Guide to Semiconductor Processing", Third Edition, 
by Peter van Zant, McGraw Hill PubHshing Co., 1997, ISBN 0-07-067250-4. incorporated 
herein by reference. 

[00101 For the sake of simplicity, the projection system may hereinafter be referred to 
as the "lens"; however, this term should be broadly interpreted as encompassing various types 
of proj ection system, including refractive optics, reflective optics, and catadioptric systems, for 
example. The radiation system may also include components operating according to any of 
these design types for directing, shaping or controlling the projection beam of radiation, and 
such components may also be referred to below,collectivelyorsingularly.asa"lens".Further, 

the lithographic apparatus may be of a type having two or more substrate tables (and/or two or 
more mask tables), hi such "multiple stage" devices the additional tables may be used in 
parallel, or preparatory steps may be carried out on one or more tables while one or more other 
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tables are being used for exposures. Twin stage lithographic apparatus are described, for 
example, in US 5,969,441 and WO 98/40791, incorporated herein by reference. 

[i)01 11 m a lithographic apparatus the size of features that can be imaged onto the 
wafer is limited by the wavelength of the projection radiation. To produce integrated circuits 
withahigherdensityofdevices,andhencehigher operating speeds,itisdesirabletobe able to 

image smaller features. While most current lithographic projection apparatus employ 
ultraviolet Hght generated by mercury lamps or excimer lasers, it has been proposed to use 
shorter wavelength radiation of around 13 mn. Such radiation is termed extreme ultraviolet, 
also referred to as XUV or EUV, radiation. The abbreviation 'XUV' generally refers to the 
wavelength range from several tenths of a nanometer to several tens of nanometers, combimng 
the softx-ray and vacuum UV range, whereas thetenn 'EUV' isnormallyused in conjunction 

with Uthography (EUVL) and refers to a radiation band from approximately 5 to 20 nm, i.e. 

part of the XUV range. 

[00121 A radiation source for XUV radiation may be a discharge plasma radiation 
source, in which a plasma is generated by a discharge in a substance (for instance, a gas or 
vapor)betweenananodeandacathodeandinwhichahightemperaturedischargeplasmamay 

be created by Ohmic heating by a (pulsed) current flowing through the plasma. Further, 
compression of a plasma due to a magnetic field generated by a current flowing through the 
plasma may be used to create a high temperature, high density plasma on a discharge axis 
(pinch effect). Stored electrical energy is directly transferred to the plasma temperature and 
hence to short-wavelength radiation. A pinch may allow for a plasma having a considerably 
higher temperature and density on the discharge axis, offering an extremely large conversion 
efficiency of stored electrical energy into themial plasma energy and thus into XUV radiation. 
The construction and operation of plasma discharge devices, such as plasma focus, Z-pinch, 
hollow-cathode and capillary discharge sources, may vary, but in each of these types a 
magnetic field generated by the electrical current of the discharge drives the compression. 

[00131 Figures 7A to 7E are included as an example only to provide background 
information about the construction and operationofsuchadischargeplasmaradiation source. 

Figures 7A to 7E show schematically a discharge plasma radiation source of the Z-pinch 
hollow-cathode type. The discharge source LA has cylindrical symmetry and comprises an 
anode 710 and a cathode 720 connected by an electrically insulating cylindrical wall 725. An 
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aperture 711 is provided in the anode 710 on a central axis A for passing electromagnetic 
radiation from the discharge source LA. The hollow cathode 720 is provided with an amiular 
aperture 72 1 around the central axis A. and is forther provided with a large cavity 722 behind 
the aperture 721 . The cavity 722 also has an annular configuration around central axis A, and 
the walls of the cavity are a part of the cathode 720. A discharge power supply (not shown) is 
comiected to the anode 710 and cathode 720 to provide for a pulsed voltage V across the 
anode-cathode gap inside the discharge source LA. Further, a suitable gas or vapor is provided 
by a discharge material supply (not shown) at a certain pressure p between the anode and 
cathode. Examples of suitable substances are xenon, lithium, tin and indium. 

[0014] A discharge may take place at low initial pressure (p < 0.5 Torr) and high 
voltage (V < 10 kV) conditions, for which the electron mean free path is large compared to the 
dimension of the anode-cathode gap. so that Townsend ionization is ineffective. Those 
conditions are characterized by a large electrical field strength over gas or vapor density ratio, 
E/N. -mis stage shows rather equally spaced equipotential lines EP having a fixed potential 
difference, as is depicted in Figure 7A. The ionization growth is initially dominated by events 
inside the hollow cathode 720 that operates at considerable lower E/N, resulting in a smaller 
mean free path for the electrons. Electrons e from the hollow cathode 720, and derived from 
the gas or vapor within the cavity 722, are injected into the anode-cathode gap, a virtual anode 
being created with ongoing ionization, which virtual anode propagates from the anode 710 
towards the hollow cathode 720, bringing the fiill anode potential close to the cathode, as is 
shown in Figure 7B by unevenly distributed equipotential lines EP. The electric field inside the 
hollow cavity 722 of the cathode 720 is now significantly enhanced. 

[0015] In the next phase, the ionization continues, leading to a rapid development of 
a region of high-density plasma inside the hollow cathode 720, immediately behind the 
cathode aperture 721 . Finally, injection of an intense beam of electrons e from this region into 
the anode-cathode gap, also shown in Figure 7B, forms the final breakdown channel. The 
configuration provides for a uniform pre-ionization and breakdown in the discharge volume. 
Figure 7C shows that a discharge has been initiated and low temperature plasma 735 ofthegas 
or vapor has been created in the anode-cathode gap. An electrical current flows within the 
plasma from cathode 720 to anode 710, which current will induce an azimuthal magnetic field, 
having magnetic field strength H, within the discharge source LA. The azimuthal magnetic 
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field causes *e plasma 735 «> deuoh ftom *e cylindrical wall 725 and to compress, as is 
schematically depicted in Figure 7C. 

100161 Dynamic compression of the plasma will take place, as further depicted m 
Figure 7D, because the pressure of the azimuthal magnetic field is much larger than the 
themial plasma pressure: rf/Sx » nkT, in which n represents plasma panicle density, k the 
Boltzmann constant and T the absolute temperature of the plasma. Electrical energy stored m a 
capacitor barfc (part of the discharge power supply, which is not shown) connected to the 
anode 710 and cathode 720 wffl most efficiently be converted into energy of the kmehc 
implosionduringthcMltimeoftheplasmacompressio„.Ahomogeneouslyfilledc„nsmct,on 

(plasma pinch) 745 with a high spatial sutbility is created. At the final stage of plasma 
compression, i.e. plasma stagnation on the central, or discharge, axis A, the kinetic energy of 
the plasma is flrlly converted into themtal energy of the plasma and finally mto 
electromag„..icradiation740havingaverylargecontribuaoni„theXUVandEUVranges(as 

depicted in Figure 7E). 

100171 When using discharge plasma sources, there is a danger that contamination 

originating in a radiation source such as particles, plasma and vapor, can migrate to a 
lithographicprojectionapparatus.Asolutionis to employagrazing^ncidence collector 880.as 

depicted in cross-section in Figure 8, within a radiation source unit as the primary collection 
optic The grazing-incidence collector 880 typically comprises a plurality of similarly-shaped 
shells 803, arranged substantially concentric about an optical axis A. Such a collector exhibits 
high reflectivity (approximately 70 to 100 "/o) when the incident angle 801 of the emitted 
radiation 840 iskept less than approximately 10 to 20 degrees. For the sake of clarity, only two 
of the substantially cylindrical shells 803 are shown in Figure 8. The shells 803 can be made 
from any suitable material, for instance, palladium or molybdenum, which provides a high 
reflection and does not react with contamination emitted by the radiation source. 

10018] Figure 6 is included as an example of a closed heat pipe. It is used as a 
possibleheattransfermechanismwithinaradiationsourccwhichisdescribedbelow.Aclosed 

heatpipe270comprisesasealedcontainer272,awickingsurface(wick)265andaliquid262 

that saturates (wets) the wick 265. The sealed container 272 canbe of any suitable matenal, for 
instance copper,aluminum, steel, nickelortungsten.T^echoiceofliquid262isdeterminedby 

its properties (low values of liquid and vapor viscosity, high thermal conductivity, high latent 
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heat of vaporization) and the temperature range within which the heat pipe 270 will be used. 
For instance, in the range 1000 - 2000 °C, sodium, lithium or silver may be used. The w.ck 
265 is typically made from metal foams, metal felts, ceramics, carbon fibers, a smtered 
powder, one or more screen meshes, grooving on the inside of the sealed container 272 or a 

combination of these forms. 

100191 When the heat source 205 is applied to part of the closed heat pipe 270, the 
liquid 262 in the wick 265 boils and forms a vapor 266. The vapor 266, which has a higher 
pressure than the liquid 262, moves (268) to the opposite end where it is cooledby the coolmg 
device 275 The vapor condenses 267, giving up the latent heat of vaporization. The hqmd 
enters the wick 265 and capillary drivingforce returns the liquid262backtotheareaclose to 

the heat source 205. TTie use of the wick 265 makes the heat pipe 270 insensitxve to 
gravitational effects, and thus it may be employed in any orientation. Generally, a heat pipe is 
used where direct cooling of an object is not feasible - the heat pipe transfers the heat to a 
more convenient location, where cooling can be performed. 

100201 A number of improvements are required before EUV production by gas 
dischargeplasmacanbe considered suitable(production-worthy) for large-scaleproductionof 

devices, for instance integrated circuits. These include: 

[00211 -higher conversion efficiency. Current sources typically display a conversion 
efficiency (ratio of power-out at required wavelength to power-in) of approximately 0.5%, 
resulting in the majority of the input power being converted into heat; 

[00221 - efficient heat removal (cooling). Two components may be distinguished - 
peak heat load from plasma jets during discharge and average heat load due to repeated 
discharge The area over which the heat can be spread is typically limited, and heat removal 
becomes critical as power levels and repetition rates are increased to achieve a production- 
worthy source. Overheatingofoneormoreelectrode surfaces mayoccur,affectingpinch size 

and position if the geometry of the electrodes changes (deformation); 

[00231 - stable pulse timing and energy. For use with a lithographic projection 
apparatus, thesourceshouldproduceastableoutputduringprojection-Thiscanbenegatively 
influencedby.forinstance, variations in EUV pulse timing (jitter), variations inpinchposition 

and size, and variations in EUV pulse energy; 
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.00241 -reduc.ionofel=ctrode«.sion.Thepbsmacrea.edmayer<>de.h=electtodes, 
since .hey maybcpresen. on and/or adjoin,„g*e axis on whichU,ehigh-.empera««. h,^- 
densi.yp.asmaiserea,ed.Sucher„sion.,mi.s*e.ife.imeof*eelee«,desandi„crea^s*^ 

a„,„un. of con.amina.ion presen. in *e discharge space. Furfter, proper functioning of «>e 
e,ec„odesf„rmggering.heplasn,aisdcpenden,o„severa.fac.ors.incMngaprede,ennm«^ 

re,a.ionshipbe.ween.hegeon,e.ryof.heelec.rodes.E,osionordefo„na.ionofeitt.ere.ecttode 
„,ay influence me ttiggcring ins.a„. of me plasma and .he timing of «,e pulse of genera.ed 

EUV radiation; and 

100251 -lowillnminationlife.imecansedbyconamina.ionemission.Plasmaso«rces 
emi. subsi^tial amount of conUnninan. molecules, ions and ott,er (fas.) par.icl.s. If such 
particles and molecules are allowed .0 reach ti,e illumina.ion sys.em. .hey can damage me 
delica.ereflec«rsandomerelemen«^dcausebuild-upofabsorbinglayerson,hesurfacesof 

opticalelemen.s.Suchdamagea„dbuiU-uplayersca„seanundesirablelossofbeamin.ens>.y. 
,educing.hcteoughpu.ofmeli*ographicprojec.ionapparams.Inaddition.suchlayerscan 

be difficult to remove or repair. 

,00261 Accordingly, i. would be advanrageous to provide a radiation source *a. 
provides an enhanced conversion efficiency of elechic^ energy in« radiation and/or ma. 
provides producion-wormy power levels and repetition rates wimou. risk of overeating. I. 
„ouldalsobeadvan.ageous,oprovidearadia.io„sonrcehavi„gas.able.well-definedtimmg 

and well-defined en«gy of genera.ed pulses (shots) of XUV radiation and/or ma. causes a 
minimum amoun. of con.aminatfon of me adjoining limographic projection apparati.s. 



Summary ' 

100271 According.oanaspec.ofmepresen.inve„.ion..hereisprov,dedarad,ahon 
source comprising an anode and a camode ma, a« eonfi^ and arranged .o creale a 
discharge in a subs.ance in a disch^ge space between said anode and camode and ,o orm a 
plasma so as .o generate electiomagnetic radiation, wherein a wicking surfece area of walls 
defining said discharge space is provided wim a wiclting function for tiansporting a h,n.d 
.owardssaiddischargespaceftomali<,uidreservoirincon.ac.wimsaidwicki„gsurfacearea. 

The liquid may comprise xenon, indium, liihium. .in or any suiuble ma«ia.. wtctag 
surface (wick) provides a convenien. means to supply the discharge area wim liquid, and me 
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c„„,t„uousp«.e„cecfU,„iaa.*e«spacetn,p.ves*eh..«„ 

aisc^e sp ce of a radiaUon source is provided »i* a cooling Section for — 
!^tz^,U*o™saiddi.K3.sespace.oas,o«^fe.hea.<h,.saiddischarges^^^^ 

i:oo„„;su.ace.To..p™ve.eaU.ss.paUo„,an.d— 

«,.,o^e volume and.h=wic.byusingafluidi„bo*i.s vapor and Uc,u,d^«^m^^^^^ 

.ay or »ay no. ^ *e sanre as *e substance in which d,e d.schar,e ,s crea.e^ H . ■ 
J^„ed ^ said discharge space U, fl>= periphery by evaporahon of sa,d fln.d a. ^ 
^argespaceandcondensauonofsaidfluidatsaidperipheryadjacenuoacoohngle.^. 
1,09, T^esaidradia.ions„nrcen,ayco»priseanene^eUcbean.for— a,. 

„icKin surf ce a«a proxinra. said discharge space » provide an enhanced method o 
: llg .he »oun. of vapor presen. in *e discharge space, and .o allow *e source .o 
11 wUh a «,nin,„n, of vapor in .he disch^ge space. «s reduces *e absorphon of *e 
rrdl.a.,on,ncreasing.he energy ou.pu.andftusincreasingmeconvers.onemc.ency 

Z^ h,ano.heraspec,of.hei„ven«on,d,ereisprovidedaradiaaonsourceun. 
con^riLg: radia.ionsourceprov,dedw,.hananodeandacaftode«..arecon<lg,ne^a^ 
Zea .o crea. a discharge in a subs.ance rn a drscharge space between sa,d an^^ 
Zde and .o form a plasma so as .0 gencra.e elec.romagne.ic rad,anon; and a hollow 
tlr!Igedona^op«ca,axiso(saidradia.ionsource,anope„end„fsaidrecep.aole 

XT^ZLdradiInsourceforcaph.ringconUmina.ionemi^^ 

Hce Ta^d recep.ac,e prevents con— ^ -ring a ...hograph c pro.ec..on 
apparatushycap«ningi.whichmaybe*rf.erenhancedhycoolingfterecep.ac,e. 

,003Vh.afhr«,eraspec..ft«eisprovidedaradiationsourcccompns.ng.ananode 

.d a Ihodc ,ha. are conf,gured and arranged . crea.e a discharge in a .b~ a 

discharge space bcween said anode and cadrode and to form a plasma so ^ .o gen^ 
~agne.icraaia,io„;anaper.urebeinsprovidedina..eas.oneofsaidanodeandcaft«l 

ZTwHch sard eleCmagnCc radia.ion is cmined, wherein said aper.^ comp^- 
iratofelectrically— es.ruc»esa.rangedsoas.oleaves.dap^^ 

onen to said radiation b„. U, subs«n,iaUy close said aperture eleCncally. Ttas reduces fte 
::ran:ofthesys.em.ftusinoreasing.econversione.ergy.Addi.ionally.ft^ 
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. A. fh»t are configured and arranged to create a discharge in 

radiation source mat as described above. ^ ^^^^^ 

,,034, According U> ye. anodrer aspec. of.be 
.an„fac...n.n,e.bodcon,prisin,.es.epsof:p.v,d,„s^ub^^^^ 

covered b. a Uyer of radiaU„n-sensi.ive nra^rra.-, _ ^ 

-"Zr -n. spec., reference . ^ » ^ 

.ppara.. according .0 *e inve„.,on ,„ d.= ^ ^ e^anrpi. ^ 

»ae^oodd«.suchanapparan.sbasn,anyod,erposs.b,^^^^^^^^ 

,..,o,edin.e— 
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of ,he,e^„s•■^=«cle^W.r or in .his.ex.shouldbe consider asbeingreplaeedby 

the more genera! tenn. "mask", "sutatrate" and "target portion", respecBvely. 

,00361 In the present document. tl.e terms "radiation" and "beam" are used to 
encompass al, types of electromagnetic radiation, including ultraviolet (UV) radiation (e.g. 
:::leJon63,m.93,,5.ornenm,andextremeu«ra.violet(BUV,radiati. 

(e.g. having a wavelength in the range 5-20 nm). 

RripfDescriot^"" nf the Drawings 

.00371 Embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying schematic drawings, in which correspondmg 
reference symbols indicate corresponding parts, and in which: 

100381 Figure 1 depicts a lithographic projection apparatus comprising a rad.ation 
source unit according to an embodiment of the invention; 

100391 Figures2Ato2Bdepictaradiationsourceunitcomprisinganopenheatpxpe 
construction accordxng an embodiment ofthe invention, where Figure 2A shows the central 

portion of Figure 2 A; . tv,^ 

,00401 Figures 3A to 3C depict an anode acconling to an embodtment of the 
inve„.ion.whereFigures3Band3Cdepict.woembodimen,sofcross-secaonB-B; 

■00411 Figures 4A to 4C depict an anode according to another embodmient of the 
invention. whe«Figures4B and 4C depict cross-sechons C-C and D-D resp« 

,00421 Figures5Ato5Cdepictananodeaccordingtoyetanodterembod,mentofthe 

invention, v^here Fi^es 5B and 5C depict cross-seCions E-E and F-F respectively; 

100431 Figure 6 depicts the basic elements and operation of a closed heat p,pe; 
,00441 Figures 7A to 7E depict a discharge of the hollow-cathode type at vanous 

Stages of discharge; and _ 

[00451 Figure 8 depicts the basic elements and operation of a grazmg-mctdence 

~"'"°I00461 The skilled artisan will appreciate that the elements in the figures are 
lllustratedforsintplicityandclarityandhavenotnecessaHlybcendrawntoscaleForins^c^ 

fl,e dimensions of some of the elements in the figures may be exaggerated relative to other 
elementsto help in.pn>ve the understanding of the embodiments of the present invention. 
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„.,^..e— or..— .^^^^^ 

[00481 a radiation system LA, IL, tor supplying h j 

1 in the ranee 5-20 ran. In this particular case, the 
for instance, EUV having a wavelength in the range 

nositioning the mask with respect to item PL; 

,,050, aseoo»dobje..Ub>e(^s«.«b,e)WTp«,vided«i.hasubs«a,ehoMe.fo, 

100511 a projection system ( lens ) PL tor imaging 
MAon.oa».e.po«.„C(.s.co.pnsi„go„eor.o.dies)ofU,esu..«a.W^ 

,0052, AS here dep.c.ed. .he appa.a»s is of a refl«..ve type (.... has a refle^nve 
^, LL, in senerai, i. n.a, a,.o he o. a .™s.issive .,pe - — 
^nslivc mas«. AMemaUvely, .he appa.ah.s ™y e^pioy a.o*e, .uK. of pa„e™.ng 
device suchasaprogranunablemirrorai.ayofaWeasreferred.0 above. 

1, LfL. .o Fi^ 1. a ~ pias^a .ou.ce LA .ypicaiiy p.odu^ 
^ Of Ja.on as a ..in of pulses *a. a. syneh.oni.ed w,.h .he ope.a..o„ of *e 
r^phicp.ieo.iona„a.u.s.ThUhean,isfedin.oani„— n...e.,,iu^^^^ 

,L elr direCy or after having «aversed condi.ioning means, for .nsrance a speCra, f„«r^ 

^e — IL .ay comprise ad^usHng n,eans for sening d.e ^ ^^^^^^ 
ex.e„.,_,yreferred.oas..u.erand.-inner,respee.ive,y)of«.m«ns,.yd,s»h^^^^ 

r L h. ddi..on. i. wi„ generaiiy comprise various o*er component, such as an 
;C:rtdaco„de.er,h..h.sway,.hehe™PBin,pin.ngo„.he™.s.MAhasades.r. 

miformiw and in.ensiO' distribution in i.scross-sec..on. 

„shcu.db=no.edwiU,regard.oFigure i .ha. Resource LA ntay be w.*n, 
..e hou ing of dte Hdtographic projection apparatus, bu. .ha. it may aiso be retno^ fto. ^e 
l^hL projection apparah.. *e radia«o„ bean, «hich it produces betng .ed .to 
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apparaws wi* fl.e aid of suiuble optical components, for insmce. directing mtrrors. The 

current invention and claims encompass both of fliese scenarios. 

,00551 ThebeamPBs«bseq»entlyinterceptsfl.emaskMA.whichisheldonamaslc 

,ab.eMT.Havingbeense.eCively,eflec.edbythemaskMA,,hebeamPBpasses,h.oughfte 
lens PL which focuses the beamPBontoa.^etportionCof.hes„bs,ra.eW.Wi,hthea,dof 

the second positioning means PW (and interferometric measuring means IF), ttte substrate 
table WT can be moved accurately, e.g. so as to position different target portions C m .he path 
ofU,ebeamPB.Similarly,thefrstpositioningmeansPMcanbeused.oaccura.elyposttion 

the mask MA with respect to the path of the beam PB. e.g. after mechanical retrieva of ti-e 
maskMAfromamasklibra,y,orduringascan.tagene.al.movemen.oftheob;ecttablesMT, 

WT will be realized wim the aid of a long-stn.ke module (coarse positiomng) and a short- 
stroke module (fine positioning), which are not explicitly deleted in Figure 1 . However, mtite 

caseofawafers.epper(asopposedtoastep-and.scanappara.us),hemaskUbleMTmay)ust 

be connected to a short stroke actoator. or may be fixed. 

10O561 The depicted apparatas can be used in two different modes: 

,00571 1 In step mode, the mask table MT is kept essentially stationary, and an 

entire mask image is projected at one time (i.e. a single "flash") onto a target portion C. The 
substratetableWTisthen shifted intitexand/orydirectionssotiuttadifferenttargetpomon 

C can be initiated by flic beam PB; 

100581 2 Inscanmode,essemiallythesamescenarioapplies,exceptthatag.ven 

targetportio„Cisnotexposedinasingle"flash".Ins.ead.themasktableMTismovabIeina 

givendirection(theso-called"scandirection"...g..heydir«tion)withaspeedv.so|hat,he 

projectionbeamPBiscausedtoscanoveramaskimage;concurrent,y.thesubstiate.ableWT 

issimultaneouslymovedinthesameoroppositedirectionataspeedV.Mv.inwhichMts 

tt,e ma^iflcation of the lens PL (typically, M = 1/4 or 1/5). In this manner, a relatively large 
target portion C can be exposed, without having to compromise on resolution. 

,00591 A radiation soun=e unit according to an embodiment of the invention is 
depicted in Figures 2A and 2B. A radiation source LA comprises a number of subs.an«al.y 
concentric structures, arranged about a central axis A. A substantially cylindrical cathode 20, 
surrounded by a substantially cylindrical anode 10, is separated 8x>m said anode 10 by an 
amtular isolator 30. The hollow-cathode 20 is provided w.Ur a cavity 22 and an apermre 26. 



13 

30404591_1.DOC 



P-0359.010-US 

such«,at.hesourceLAope«.«taasunilarway,ott,e«ampledepic.edi„Fi^7A.o7E 

and described herein. 

,00601 Plasmadischargeoccursmamlyinadisctarg.space,approximatelyd,sposrf 

be«vee„ca.hode20a„da„a„odeaperu« n inac^^alregian— i„ga,= ai.ecfptesma 

pinch fom,a.ion 45. L, .he embodimen, sho«B. U*i«„ is used .o create U.e plasma or 
opera.ing.hesourceLA,andH.hiump.as,nacanbefoundinaplasn,aregionto.subs«„«ally 

comprises the whole internal volume of the radiation source LA. 

,00611 The anode 10 and cathode 20 are configured and arranged such that the 
i^i^r 30 is disposed at ^me distance from the plasma region. This disumce, combmed wrth 
an isolator pro.«.tion cooling element 50 that condenses lithium vapor, prevents contact 
betweenthe lithium ^dthe isolator 30 andthuspreventspossibleconosionoftheisolator 30. 

,00621 According to an embodiment, the source LA differs ftom a typical plasma 
discharge sourceinthattheplasmaregionisextendedbyelongatingthewallsoftheanodelO 

away from the discharge region. This elongated extension space creates an anode 10 w,.h a 
h„„owstructur.resemblingonehalfofathick-rimn,edPe.ridish.wid.ananodeaper«rrellat 

the center of the "dish", and an anode cooling element 55 along the rim of the "d,sh». 

,00631 Lithium is found in different forms at different locations within die source 

LA* 

100641 - liquid lithium 62 in a reservoir 60 comprising a heating element 64 to keep 

the lithiimi liquefied; 

100651 - lithium gas, vapor and or plasma throughout the plasma region; and 
,00*61 - liquid Uthium 62 in a wicking surface (wick) 65 (as shown in Figure 2B). 
Parts of the walls of the cathode 20 and anode 10 are equipped with wick 65, wh,ch ,s 
.a.ura.ed(wetted)withliquidlithium62duringoperationofthesou.ceLA.Topreven.li.h.t^ 

droplet formation. ti.e surface stiuctirre of the wick 65 has a roughness Ra of less than 100 

micron. 

10067] AsshowninFigure2A,theradiationsourceunitcomprisescoolmgelements, 

which may be, for instance, cooUng lines or any other suitable means: 

100681 - a hollow trap cooler 92 for cooling the hollow trap 90. configured and 
arranged to create a cooling surface inside the hollow trap 90; 
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,00«9, - a.e anode cooler 55 for cooling fte anode 10, configured and a^^ged ,o 
crea.eacooUng.nrfaceat.heendofftee,onga,edex.e„sionsp^e*Urthes.Son,medischarge 

[00701 - a cathode cooler 75 for cooling one end of ,he closed hea. pipe 70, 
configured ^d arranged to cool .he tip of ,he cathode 20 closes. U> .he discharge sp^e. TTre 
closedhea.p.pe70,sin,i,ar.o.heexan,p.edep,c,edinFigur.6anddescrih^her«n,™p^y^^ 
a«icHng surface (wick) 165. sa.„ra.ed wi* a >„uid 162, .o .ransfer hea. *on, *e np of .h 
cadtode 20 U, a region proxin,a.e .he cadtode cooler 75. The wiek .65 and h,u.d 162 » «>e 
closedhea.pipe70n,ayormayno.heU.e same as .he wick 65 and liquid 62; and 

,00711 .d,eisolau,rpro«caoncooler50,configuredandarranged.ocrea«acoohng 
^eonmewallsof.heca,hode20andanodel0.andtt,us.ocondenseanyvapor before., 

can reach the isolator 30. - . ^ +1, 

■00721 Asdepic.edinFigure2BandFi^s5Ato5C,««anodel0,sprov,dedw,.h 

„o suhs.an.ially syn,n.e«ical apemnes. an emission aperhrre 11 dnough which entiued 
„dia.ionispassed,andasmallerdiame.erelec«icalaper.„rel2used.ocon.rol«.pc^«ono 

.he plasma pinch. Figure 5A shows a plan view of d.e anode apernrre 1 1 as v,e„ed by *e 

cadLe 20, and Figures 5B and 5C show cross secHons E-E and F-F -Peo«ve« ^ 
planview.The»odel0isprovidcdwi.haplura,i.yofpr„«sionsl4d,a.crea.ed.eelec«cd 

apern^ 12, which is smaller in diameier d,an .he ennss,on apcrmre 11, and where each 
pLsion .4 is provided wi* a cooling channel ,S. Radia..on 40 will leave dre d,scharg 
space trough d.e emission apermre 11, which comprises .he elccMcal aperh^ 12 and d,e 
gaps 13 beween die proOusions 14. 

100731 Figures 5A .o 5C depic. eigh. protrusions 14, bu. i, will be apprec,a.ed .ha. 
anysuitablenumber,sizeandshapearepossible.lnaddidon.d.erearemanymoreposs,bd.t,es 

,o create an elec«ical aperU-re tha. is smalto in diame.er dtan d,e emission aperture, for 
'"""100741 Figures3Ato3Bshowhowaconductivegridl00ofwiresmaybeemployed. 
Figure 3A shows a plan view of an emisston aperture 1 1 as viewed by a cathode, and Figure 
3B shows the cross-section B-B through the plan view. The design may be fisher optnn.^ 
byemp.oyinghollo«wiresandpassingacoolingmediumftrough.hem.changingU,enumber 

size and shape of d,e wires, employing a concenMc/radia. grid pattern, employtng a gnd of 
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p^,e. wi.. inters^ting a. a „o„-pen>=ndicu,ar wi* a ^ se, of pa«„e> w„es o, 

some combination of these measures; 

,„„75, Figure3Csho»sana..en,a.ivecros.scc.onB-B0f*ep.anv,ew,„«ta* 

U,e gria wres are extended, and n>.a.ed a»a. fton, .he cen». axis A, s„ch *a. tt.e 100 

rola sccaned "foi, .rap- o. co„.a.inan. As disclosed in Uni.ed P^-^^ 

6 359 969, tl,e "toil trap" enhances ,he ability of a radiation source unt. to capture 

clntainination. preventing ,t fom entering the Holographic projection appara»s; artd 

,007*1 Figures 4A to 4C show how a larger diameter emisston aperture 1 1 may be 

seated by creating substantially symmetrical gaps 1 3 in the anode 10 Cose to . el^^c. 
^,2.Pig„re4Ashows.heanodeapem^inp.anviewasviewedbyacathodc^^r. 

4B and 4C show cross-sections C-C and D-D respectively of the plan vew. Coohn 

provided using cooling channels IS in the anode .0. through which any suUa Ic coolm 
mediummaybepassed.A,thoughonlyeigh.gapsaredepicted.itwiUbeapprec.atcdthatany 

suitable number, size and shape may be employed. ^ ^. ^ . 

,„„77, AS shown in Figure 2A, e.ectroma^e«c radiation 40 Horn the dtscharge 
.pace is emitted through the emission apertu. 11 along a central axis A^and direc^» a 
l^aphic projection apparatus along an optica, axis of the source LA ustng a 
incile collector SO. ht the embodiment shown, the optical axes of both the source LA ^d 
tbecollector SO coincidewiththe centra, axtsAAUhough only one collector shelUsshown. 

l:;a.ing incidence coUector SO typically compnses severa, concentric shells s,m.,ar m 
construction and operation to the exampie dep.cted in Figure S and ^-""^ 

,00781 A hollow trap 90 comprises a substantially cylindrrcal receptacle, wtth one 
endopenandoneendclosed. disposed subst^tiaUy symmetrical abouttheopttcal axis in«,e 

:^J,regionorthegrt^ng-incide„ceco..ectorS0.Theinnersurfaceofthetrap90,srou^ 
3ndpoto„stomaximizemecap««surf^area.a„dcoo.edusingthehollowtrapcoo,er92to 

"'"",o77rAdischargepowersupply(no.shown)iscom.ec,ed.oanodelOandca.hodc 
.OtoprovrdeforapulsedvoltageVa^sstheanode-volUgegapinsidetheradiaaonsourcc 

LA 

■ ,00801 Ttarad,ationsourceLA(asdepictedinFigures2Ato2B)isbrough..ntoa 
.tate whe. it is about to form a disch^e plasma »d a subsequent plasma pinch ustng a 
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inside the source: 65. Driven by capillary 

'-r™:,-r= rtr::: - - - ~ 

reservoir 60 by the heating element 64; and 

vanor condensation 67 by the coolers 50 and 55. 
100831 -vaporco i3 3,ffieient, the cycling of the discharge 

discnarg p .^^^ 60. 

drawn either into the wick 65, or It will 11 influenced by the dimensions of the 

teimprovemen.mpmchsu,bm.ybyreducmg*ee.ecmoalape«ur 

emission aperture 11. h4 fff^rent mechanisms: 

substantially identical to the example depicted m F.g» 

^.awa,^«...«a.bode.0.otbep.p.eo^^^^^^^ 

moRQl -the radiation source LA (Figure ZA^ib f , . , ,;„„;a 

10089] mc ^ 1 n the cathode 20, the wick 65, hquid 

Uthium in the wick and the anode cooler 55. As iiq 

n 
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aischarge .he ™ovemen. of «.= vapor Uansfc. hea. away ^ *e discharge space .o .he 
discnarge, ^™^t^fi ;« Fieure 6 and descnbed 

periphery of .he sys,em in a sinrilar way .o .he example dep,c.ed m F.gure 



herein; 



„0,0, -propaga.,o„ofap,asma«avei„side*eop«,hea.pipes«cu.reprovid.a 
^.her cJe. for hea. .ransfer .0 .he periphery. This .e«K,d of hea. ^ansrer ,s caUed «,e 

P,as.aHea.WerMecha.is™(PHTM);^^^^^^^^^^^ 

100911 -asdepictedinFigures5Ato5C,thetipsoii v ^ , ,o 

.„rface,„ducesa.hi„U,hiu™Sh„overmee,eo.^es.reduc,ngco,.— n95wh,ch™ay 

oass from .he source LA .o .he op.ics of the litoographic projection apparah.s. 

' A.*ough minimized hy an emhodimen. of .he inven.ion. son^e 

„ay ca se a flow of con.amina.,on 95 fton, .he discharge space. The con.amn«ho„. for 

:rh.hi»n.apor,h..p.asmaorer.edm.^ 

rh^m^r— 'r;:— ^^^^^ 

r:lX8^eLdporosi.y,a«dcooUng92.Ai.hon^.he.rapissh„wnasacyh„derw,m 
:e:tr».sniUh.egeome«yn.ayhensed.forins.ancc,asphere c<>. .^^^^^^^^^ 
A .c not interfere with the emitted radiation 40 passing over the surface 

:::g:rrc:::.so.Typicany,d.ehouow^9««i«..veas— 

shape to .he cen.ral shell of tegrazing-incidence collector 80. , , „ 

,„„4, AUema.ive,y,d,sposingane.ec.ron-hean,generatorso.hatthee,ectr„nbeam 

heats a egio c,ose to the d,scharge space may provide a better cont.. of the lith.™^^^^^ 
th ofhedischargeconditions.Using,heheatingelement64i.thereservo„60.Uth,um 

:sZ- sCrL. 

rin is^red at a. area co„ta.ning ,,.id hth,um « Close to .e di^^^^ 
creating Uthium vapor. This has the advantage that the source can be operated ustng 
7Z. amount of vapor and/or low temperahrre plasma in d.e discharge space, dtus 
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„i„i.izi„g,heabs„n>.ionofemittedEUVodia«o„.Thi.cfi^.ive.,in,p™^^ 

" ,a,„ or UouM U.™™ p,o.=c«„g U. A—, a s.ond — . hea„n. 
I^IcJ.o.he™e.pacen,ay.eused«eadof*e«bea...^^^ 

,0095, l.„aybeadva„ugeous.oc.ea.e*e.i*iumvaporbyevap«ra»ng(exp.od>„g) 
«i«,a„Llbean,aH<,uida.op,e,o.soUdwiM<~.OOn,lo.n,ofU.hiu«p.aceabe«.^^ 
:r:0a.aca.ho.e20.cse.o.ea..ha.ge»pace,.husp— en.,..ye.s,„nor«.e 

'"°'';^,6, For ei*« use descHbed. .he e,ec.ro„.bea« .nay be subs.i.u.ed by a.o«,er 
^a.iolo,pLebea..forins,a„cea.ase,be™, whichallow. vapor— on.o^^ 

n J.he user parameters, such as wavelength, energy per tapu.se and pulse ,e„g«. 
;:":l,aNd.v:G.aseren..oyea»vapcrlzeU.Mun,^n,.esur^of.hea„^e.^^ 
:cad,ode20»ayopera.ewi.hparan.e.ers:.ave.eng.h..04n.cron.energyper.n,u.se,0- 

100 mJ and pulse length 1-100 ns. 

,„«,7, ThesM.edar.is=.wiUapprecia,e««.a..hough.hedescnpt,onrefe,sso.ely«. 

.Ke use of Uf^unr. .he source LA .ay be operated with any sui.h.e substance. 

ndium iridium an or a combination of these, hr addition a combtnahon of auttable 
::irry:t:rorinsta„ceonesubs..ce.r.hecoo,ingwit.nthe„^hea.pipe 

construction, and a different substance to create the discharge. 

[OO,*, Any of the aspects of «>e invention and iu emhod.menu may ^ u^ 
3„y.yp ofl.ionsourceU,a.rehesondischarge,suchasZ-pinch,ca^,.aryd,sch.^^^^^^ 

;ra focus devices. ,t may be parUcuiariy adv^tageous to employ these aspec. n the 
Iia.io„ soutee described in European Application No. 02256486.8 (correspondmg to V.S. 
::;p,.cationno.K,AtoKoshelevet....t.ed.^ia«.^ 

and Device Manufacturing Method", filed September 17. 2003 attom y 
:1.0306001),,ncorpora.edhereininitsen.ire.ybyrefer»ce,whichaheadyhasm^^^ 

cooling, an increased pulse Uming stability and an increased conversion efficency. 

,00991 Accordingly, the scope of the invention Should be determmed no. by the 

embodimen.(s) illustrated, but by the appended claims and their cuivalents. 
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